Introduction
Most pulmonary physicians are treating patients with symptoms of wheezes as bronchial asthma (BA). However, these patients are sometimes difficult to treat and may frequently experience severe symptoms. They commonly have a lot of treatment adverse effects, mainly Cushing syndrome. Even though this is known extensively in the clinical practice, it is not recognized properly in available documents [1] . Wheezes happen in a widespread series of pulmonary disorders by means of reversible or even irreversible airflow limitation, endobronchial lesions, and diffuse parenchymal lung disease. Moreover, acute wheezing may occur owing to a distinct disease called vocal cord dysfunction (VCD). Some other expressions of it are used as paradoxical vocal-fold motion, paradoxical vocal-fold disorder, and vocal-fold dysfunction (VFD) [2, 3] .
The incidence of VFD in the general population is difficult to assess owing to the technical difficulties in the diagnosis. Patients with VFD are often misdiagnosed as exercise-induced asthma; however, they mostly poorly respond to classical asthma therapies. It may be triggered by hard work out or sport races; nevertheless, it may likewise arise throughout routine mild to moderate exercise. VFD may be observed in patients who are mandatory to exercise frequently such as active-duty soldiers. Failure to identify VFD can lead to excessive unnecessary utilization of healthcare and inappropriate treatment usage and hospital admission. This disorder has also psychogenic origin and characteristic features, which should be put in consideration to make the diagnosis and escape unnecessary therapy [4, 5] . These settings seem to form a spectrum of disorder, which has the larynx as the main target structure with lack of sign of any other confined organic affection. Osler [6] obviously defined cases experiencing this disorder; he stated that some sort of spasm occurs in the muscles with forceful inspiratory effort and excessive respiratory distress, which may cause cyanosis.
The initial terms used to describe VFD such as hysteric stridor, laryngeal wheezes induced by emotional stress, factitious asthma, and Munchausen's croup put emphasis on the fundamental psychological conditions in these patients. Yet the most descriptive term is VFD, presented as BA. Meanwhile, the medical terminology that has been defined varied to some degree and divided this disorder into inspiratory, expiratory, and both VCD [7] . Inspiratory wheezes characterize this condition and occur owing to improper adduction of the vocal folds. It must be easy to differentiate stridor from BA; nevertheless, the sound signals of both asthmatic and stridor wheezes are of a much more similar frequency, and they can be distinguished during the respiratory cycle only by their timing. This clarifies why inaccurate clinical assessment may be made. The same occurs in large airway obstruction by tumor or foreign body aspiration. These may be misguidedly treated as BA in many cases [8, 9] .
Pulmonary function test especially flow volume loop was altered with confirmation of extra thoracic obstruction of the airways. It revealed flattening in the inspiratory loop; in addition, there is an increased ratio of forced expiratory flow at 50% of the vital capacity to forced inspiratory flow at 50% of the vital capacity (FEF 50 /FIF 50 ). Assessment of airway resistance throughout wheezing was normal in patients with VFD; however, in patients who presented with upper airway obstruction owing to organic cause, their airway resistance was increased. Wheezing apparently makes relaxation of the adducted vocal folds. The association of normal measures for airways resistance and a high FEF 50 /FIF 50 ratio is specific for inspiratory VFD [10] . The combination of usage of laryngoscope, evaluation of airway resistance, and measurements of flow rates (inspiratory and expiratory) from flow volume curves helps clinicians to build the diagnosis and escape invasive interference. The pathophysiological explanation of VFD is not clearly understood, but still it could be guessed that vagal nerve alteration may change the tone of the laryngeal muscle and decrease the threshold for various stimulating factors to induce spasm of the vocal fold [11, 12] .
Laryngeal dysfunction, cough, and voice alterations were described in these patients; consequently, speech therapy, vocal-fold relaxation, and breathing skills are effective interventions for VFD [13, 14] . Numerous reviews found symptom improvement or even control of symptoms when they happened within from 3 to 21 months following speech therapy [15, 16] .
Aim
The main objective of this study was to differentiate BA from VFD in patients experiencing exerciseinduced respiratory symptoms, to assess VFD based on evaluating the flow volume loop of the patient, and to examine the effect of speech therapy on it.
Patients and methods

Study population and patients
A total of 40 patients with exercise-induced respiratory symptoms who were admitted to the Chest Department of Alexandria Main University Hospital and 20 healthy volunteers were included into the study from March 2017 to October 2018, and they were joined after gaining informed consents from the participants in agreement with the guidelines and approval of the ethical committee.
Study measurements
All patients were subjected to the following:
(1) Full history taking, including age, sex, smoking and pack year index, history of any respiratory symptoms, and past medical or surgical history. (2) Thorough clinical examination, including assessment of BMI, general and local chest examination in addition to routine laboratory investigations to assess the general condition. (3) Spirometry: a clinical spirometer (Chestograph HI-701; Chest Co., Tokyo, Japan) was used for measurement of spirometric parameters with focus on forced vital capacity (FVC), forced expiratory volume at the first second of forced vital capacity (FEV 1 ), FEV 1 /FVC ratio, and FEF 50 /FIF 50 . All maneuvers were done by either a respiratory laboratory technician or chest physician. Patients were trained to do forced expirations till three satisfactory measurements were achieved according to the criteria of European Respiratory Society [17] . All the documented results were expressed in the form of percentage of the predicted values; those values were measured according to the system settled by Quanjer et al. [18] . Follow-up spirometry was done for patients with VFD after at least 6 months of speech therapy. (4) Voice assessment:
(a) Auditory perceptual assessment was implemented to evaluate voice quality. (b) Laryngovideostroboscopy: it was done by a stroboscopy digitalized system. It was performed to augment and document the visual evaluation of the vocal folds. The endoscopic inspection of patients with VFD is frequently normal when they are free from any symptoms. Accordingly they must be instructed to make several maneuvers throughout laryngoscopic examination such as sequential phonation, sniff, normal breathing, puffing, and repeated deep breaths to evaluate vocalfold movement accurately. (c) Acoustic analysis: it was done via computerized speech laboratory (CSL model 430; Kay Elemetrics Corp., Lincoln Park, New Jersey, USA) to measure the average fundamental frequency (FF), Jitter%, and Shimmer dB. (d) Speech therapy was done for patients with VFD.
Statistical analysis
Data were fed to the computer to be analyzed using SPSS software version 20.0. (IBM Corp., Armonk, New York, USA). First, confirmation of the regularity of distribution of the variables was done using the Kolmogorov-Smirnov test, and then comparisons of the different groups for definite variables were estimated using χ 2 -test. Student t-test was done to compare two groups that have normal quantitative variables. Paired t-test was calculated to compare unlike periods. Mann-Whitney test was used for comparison between any two groups, whereas Wilcoxon signed rank test was evaluated for comparison between dissimilar periods. Spearman coefficient was for correlation between measureable variables. Significance of the gained data was referred at the 5% level.
Results
Distribution of both groups is shown in (Table 1) . Group I included 40 patients who experienced exercise-induced respiratory symptoms, whereas group II included 20 healthy control participants. There was no statistical difference between both groups regarding sex and age. In the case group, the main symptoms were dyspnea in 10 (25%) patients, dry cough in seven (17.5%) patients, wheezes in 19 (47.5%) patients, and stridor in four (10%) patients. Past medical or surgical history showed that five (12.5%) patients experienced gastroesophageal reflux disease (GERD), four (10%) patients experienced post nasal drips, three (7.5%) patients had anxiety, and one (2.5%) patient presented after tonsillectomy. Table 2 showed spirometric and phoniatric data. Although both group showed normal FVC, FEV 1 , and FEV 1 /FVC, there was a statistically significant difference between them, to be higher in the control group (P=0.002, 0.002 and 0.018). However, FEF 50 /FIF 50 showed no statistically significant difference (P=0.141). Jitter% and Shimmer dB showed statistically significant difference, but FF showed no statistically significant difference (P=0.001, 0.001, and 0.795, respectively).
After evaluation of the case group (40 patients), they were classified into another two subgroups based on endoscopic examination and spirometric evaluation. VFD was identified in 37.5% (15 patients) and asthma was identified in 62.5% (25 patients). Table 3 showed statistically significant difference between VFD and asthmatic patients, as VFD was higher in females, smokers, and patients with high BMI (P=0.026, 0.001, and 0.001, respectively). In patients with VFD, the main symptoms were dyspnea in six (40%) patients, dry cough in two (13.3%) patients, wheezes in three (20%) patients, and stridor in four (26.7%) patients. Furthermore, in VFD subgroup, five (33.3%) patients experienced GERD, four (26.7%) patients experienced postnasal drips, and three (20%) patients had anxiety (Table 4 ).
Comparing spirometric and phoniatric data between VFD and asthmatic patients showed although both had almost normal FVC, FEV 1 , and FEV 1 /FVC, there were statistically significant differences between them, to be lower in the asthmatic subgroup (P=0.015, 0.001, and 0.001, respectively). Moreover, FEF 50 /FIF 50 showed statistically significant difference between them, to be more than one in patients with VFD (P=0.001). Jitter% and Shimmer dB showed statistically significant differences but FF showed no statistically significant difference (P=0.001, 0.001, and 0.295, respectively).
Comparing patients with VFD before and after speech therapy showed no statistically significant differences regarding FVC, FEV 1 , and FEV 1 /FVC (P=1.000, 0.293, and 0.173, respectively); however, strikingly there was reduction in FEF 50 /FIF 50 ratio in patients with VFD after speech therapy with statistically significant difference (P=0.001). In addition, FF, Jitter%, and Shimmer dB showed statistically significant difference (P=0.001; Table 5 ). There was a positive correlation between FEF 50 /FIF 50 and BMI, Jitter%, and Shimmer dB ( Table 6 and Figures 1-3 ).
Discussion
The exact incidence of VFD is indefinite, though is probably underestimated by many physicians. It had been originally believed to occur in the setting of psychic disorders or hysterical attacks, yet over the preceding years, it was documented to happen outside of psychic complaint and distress in a larger number of patients. VFD is a disorder that denotes to untimely adduction of the vocal folds through inspiration and occasionally expiration [19] . It is considered a functional condition that presents as an essential mimic of BA. It is challenging to be diagnosed and commonly confused with many disorders.
We studied how to differentiate BA from VFD in patients experiencing exercise-induced respiratory symptoms, assessment and follow-up of VFD based on evaluating the flow volume loop of the patient, and the effect of speech therapy on it. The laryngeal functions are to provide phonation, respiration, and protection of the lower airway; these are controlled to some extent by brain stem involuntary reflexes. The reflexes are responsible for the laryngeal protecting function, whereas the other two functions can be started voluntarily [20] . Cough reflex and glottic closure mediate the pulmonary protection from injurious foreign bodies' aspiration and numerous inhaled stimuli. Cough is commonly started by adverse stimuli activating one sensory receptors of the larynx [20, 21] . Typically, the vocal folds abduct broadly during inspiration almost before its beginning and getting its full width at the middle inspiratory flow. Throughout expiration, the movement of the folds significantly differs among patients; however, they usually adduct from 10 to 40% of the opening from the end of inspiration till nearly exhalation of twothirds of the vital capacity. VFD almost occurs owing to hyperresponsiveness of the larynx with augmented response of laryngeal sensory receptors as well as intensified reaction of the cough reflex and glottic closure to a number of triggers [22] .
In this study, the incidence of VFD was 37.5% (15/40 patients), and we found that in VFD group, five (33.3%) patients experienced GERD, four (26.7%) patients experienced postnasal drips, and three (20%) patients had anxiety. Vocal folds can be affected by irritant triggers, which may be intrinsic such as GERD or allergic rhinitis, or may be extrinsic, like organic irritants and visual or even inhaled stimuli; so, one theory of VFD implicates hyperresponsiveness of the larynx besides accentuated reflexes such as glottic closure reflex initiated by these triggers [23] . The glottic closure which is mediated by stimulation of the sensory receptors and the laryngeal and tracheal cough or even the larger airways reflexes may be provoked through stimulation of the olfactory nerve or by direct stimulation of the sensory nerves; consequently, closure of the vocal folds will occur. These reflexes are intensified in patients with VFD. Diseases such as GERD, postnasal drip, laryngitis, pharyngitis, and chronic sinusitis could affect the larynx and cause irritation or hyperresponsiveness [24] [25] [26] [27] . The previous factors can as well initiate bronchospasm, so the differentiation between VFD and BA on the bases of the triggering factors may not be feasible. VFD in infants, children, and young adults exists as exercise-induced dyspnea and is simply tangled with BA [28] . In a study targeting children having VFD, ∼14% of them symptomatized only at rest, although the remaining 86% showed symptom occurrence either with exertion or at rest and exertion. In another study, patients experienced only rest symptoms with a higher rate of ∼75%; in this study, underlying psychiatric disorders were diagnosed in all of them [29] .
Moreover, we found that in patients with VFD, the main symptoms were dyspnea in six (40%) patients, dry cough in two (13.3%) patients, wheezes in three (20%) patients, and stridor in four (26.7%) patients. All symptoms were observed during or after exercise. Newman et al. [30] revealed that VFD is described by frequent attacks of pulmonary discomfort without associated BA. Those patients had approximately nine visits to pulmonary clinic per year previous to the diagnosis of VFD, and their main presenting symptoms were wheezes, dry cough, and exertional dyspnea. In Morris and Christopher review [31], they found almost alike results. They evaluated the clinical records collected from more than 1000 patients and established that the principal complaint was chest discomfort (73%), followed by wheezes, stridor, and cough (36, 28, and 25%, respectively). They documented that the auscultated wheezes and/or stridor were laryngeal in origin during attack of concomitant VFD. Dyspnea induced by VFD arises and augments during workout, although in patients with BA, it frequently augments from 5 to 20 min after finishing exercise [32] . Yet, as VFD and BA may coexist, so we must point out to the overlap of both.
Doshi and Weinberger [16] described their observations in a pulmonary and allergy clinic on reviewing 49 successive patients with VFD. Among them, there were different phenotypes of VFD, where 59% of VFD cases showed their symptoms were restricted to be exercise induced, whereas another 33% of VFD would happen instinctively without recognized stimuli, and 8% with spontaneously arising VFD showed that exercise might cause symptoms. However, BA had been mutual triggers; only 12 of the 49 patients had simultaneous associated asthma. The identification of VFD was established mainly on laryngoscopy or flow volume loop with reversible flattening of its inspiratory part throughout the witnessed stridor. Nevertheless, 17 of the 49 exercise-induced VFD patients whose symptoms could not be detected and they were diagnosed with VFD built on a substantial history of intermittent inspiratory stridor, which was rapid in onset and quickly reversible.
We found that VFD was higher in females, smokers, and patients with high BMI. This is in concomitance with the outcomes of Watson et al. [33] . They accomplished a cross-sectional study to evaluate the clinical features and spirometry of all cases that were subjected to laryngoscopic procedure for any indication as suspected VFD. The study took place over three years comparing the laryngoscopy results with the clinical data, spirometry findings, and finally the pulmonologists evaluation of the flow volume loop of each patient. The study revealed that 100 (44%) patients were diagnosed as VFD, and the independent predictors of VFD involved female sex and obesity (BMI>30 kg/m 2 ).
In this study, we compared spirometric and phoniatric data between VFD and asthmatic patients. We found that although both showed almost normal FVC, FEV 1 , and FEV 1 /FVC, there were statistic differences between them to be lower in asthmatic patients. Furthermore, FEF 50 /FIF 50 ratio showed statistically significant difference between them to be more than one in patients with VFD. Jitter% and Shimmer dB showed statistically significant differences but FF showed no statistically significant difference, and there was a positive correlation between FEF 50 / FIF 50 and BMI, Jitter%, and Shimmer dB.
Spirometry is a noninvasive and accessible procedure that has been used to diagnose and monitor BA. Expiratory airflow limitation is a characteristic spirometric finding in BA [15] . Thus, when BA is suspected, a special stress is commonly specified on the flow volume loop, mainly on the expiratory curve. Nevertheless, when VFD is suspected as a diagnosis, special consideration must be emphasized to the inspiratory curve too as VFD denotes obstruction of the upper airway. Flattening of the inspiratory curve advocates extra thoracic airway obstruction. However, investigators found that patients with evidenced VFD, less than 25%, showed evidence of flattening of the inspiratory limb with lack of acute complaints. It must be mentioned that truncated or flattened inspiratory limb is trustworthy as long as the inspiratory plateau is repeated in at least three loops after reaching patient's maximum inspiratory and expiratory efforts. Additional useful spirometric parameter is the FEF 50 /FIF 50 ratio, which is generally less than one in normal patients, whereas in patients with inspiratory VFD, it becomes typically more than one as the flattened inspiratory curve reduces the FIF 50 . In patients with VFD with associated expiratory obstruction or BA, the interpretation of this ratio may be difficult [34] .
Sterner et al. [35] revised retrospectively the flow volume loop of minimal restrictive pattern patients or normal individuals. They established abnormal inspiratory loops in 46% of them and almost half 
Figure 1
Correlation between forced expiratory flow at 50% of the vital capacity to forced inspiratory flow at 50% of the vital capacity (FEF 50 /FIF 50 ) and BMI at baseline in cases group (n=40).
the cases revealed single abnormal inspiratory limb. This advocates limited inspiratory effort more willingly than the presence of airway abnormality. This result is matched with the previous revealed recommendation as the evaluation of three flow volume loops after maximum exertion is essential. Furthermore, they exhibited ∼30% of cases with constantly abnormal inspiratory loops subjected to additional assessment and the main diagnosis was VFD.
In this study, we compared patients with VFD before and after speech therapy and found no statistically significant difference regarding FVC, FEV 1 , and FEV 1 /FVC; however, strikingly, there was a reduction in FEF 50 /FIF 50 ratio in patients with VFD after speech therapy with statistically significant difference. In addition, FF, Jitter%, and Shimmer dB showed statistically significant differences. In spite of the classically benign Correlation between forced expiratory flow at 50% of the vital capacity to forced inspiratory flow at 50% of the vital capacity (FEF 50 /FIF 50 ) and Jitter% at baseline in cases group (n=40).
Figure 3
Correlation between forced expiratory flow at 50% of the vital capacity to forced inspiratory flow at 50% of the vital capacity (FEF 50 /FIF 50 ) and Shimmer dB at baseline in cases group (n=40).
episodes, VFD may cause severe respiratory symptoms. Management of VFD frequently necessitates a multidisciplinary methodology including the primary care specialist, pulmonology physician, otolaryngologist, gastroenterologist, psychiatrist, voice therapist, and even physical instructor [15] .
The commonest long-term therapy till now is psychological treatment and speech therapy. Recently, speech analysis entails a comprehensive evaluation of patients' complaints and triggering factors, and then a full personalized regimen to each patient should be started. Each patient is taught about the pathophysiological alterations of VFD, is supplied with sufficient supportive psychological therapy, and is trained regarding some suppressive laryngeal maneuvers like coughing. Respiratory rehabilitation and desensitization of specific triggers should also be used. Patients are trained about numerous respiratory skills recognized as rapid release technique that acts to rapidly releasing vocal folds from the paradoxical motion that is accountable for VFD. The exercise emphasizes on using abdominal muscles support with a concentration on relaxation while doing the pursed lip maneuver. Patients with VFD should be motivated to do this maneuver with five replications twenty times daily to support the airways with relaxation of the larynx to confirm the patients respond spontaneously once they become symptomatic acutely. The improvement was monitored on clinical bases. Additionally, patients may benefit from psychological analysis and therapy, with absences of specific systematic diseases; psychiatric support, however, may be necessary in those patients whose VFD is interrelated to an underlying psychiatric disorder [36] .Sedation using benzodiazepines had demonstrated positive effect in particular patients whose anxiety is the cause of VFD. Helium/oxygen mixture known as Heliox which decreases the air density, work of breathing, and flow turbulence had revealed satisfactory effect in acute VFD attacks but did not show continued effect after withdrawal in several patients. Botulinum toxin type A is an invasive but infrequently applied therapeutic choice. Laryngeal injection of the toxin prevents the release of acetylcholine at the nerve ending and causes chemical denervation and also paralysis of the vocal-fold in abduction state [31] . However, it was effectively used in the treatment of spasmodic dystonia. Morris et al. [37] found only nine documented patients used botulinum toxin, and it succeeded in the treatment of VFD. Assuming the associated hazard of vocal-fold paralysis in abduction position, this modality must be kept only for those who showed no response to any therapeutic options or patients considering more invasive procedure such as tracheostomy.
Conclusion
Early recognition and precise identification of VFD can avoid inappropriate treatment, thus reduce unnecessary care costs. VFD is observed mostly in females and especially in those with high BMI. VFD may be similar to BA as patients in both disorders showed their symptoms are commonly provoked throughout exertion. The distinction of VFD from BA is essential for therapeutic considerations. The physician must consequently suspect VFD in asthmatic patients with exercise-induced symptoms to make the appropriate diagnosis. Spirometric evaluation is an available procedure that can be implemented for both identifying and monitoring of VFD. A ratio of FEF 50 /FIF 50 more than one is similarly suggestive of VFD. The occurrence of inspiratory adduction of the vocal folds is the key to diagnose VFD; therefore, fiberoptic laryngoscopy is the recommended technique for a definite diagnosis. There are a lot of triggering factors either intrinsic or extrinsic that aggravate hyperresponsiveness of the larynx, so an emphasis should be on reducing such factors to control patient symptoms. Although speech therapy is the main treatment of such condition, further studies are required to evaluate long-term follow-up of these patients.
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